Extremely low birth weight (ELBW) infants comprise a large subset of the neonatal intensive care unit (ICU) population. They have impaired glucose tolerance attributed to insufficient processing of pro-insulin by the immature pancreas, and decreased sensitivity of the liver to insulin, leading to continuous glucose production despite hyperglycemia. 1, 2 The relationship between hyperglycemia and morbidity (e.g., intraventricular hemorrhage, which could be mediated by changes in osmolal concentration) 3 and mortality in this population is still not clearly defined. In this month's Journal of Perinatology, Kao et al. 4 and Blanco et al. 5 describe multivariate analyses of this relationship in large samples of ELBW infants from single-site centers.
There is no consensus about the exact definition of neonatal hyperglycemia. Several authors have used statistical definitions, for example, blood glucose concentration greater than 7 mM/l (126 mg/dl); Hey 6 used operational targets, for example, level of glycemia leading to osmotic diuresis associated with glucosuria. The latter definition is limited by poor concordance between hyperglycemia and glucosuria in preterm infants. 7 Lack of consensus has made comparison of different studies difficult.
Hyperglycemia in the neonatal period may result from high exogenous glucose intake, stress (sepsis, necrotizing enterocolitis, intracerebral event and immediate postoperative phase) or medications (high-dose postnatal steroids and theophylline). 6 In a case-control study involving 47 very low birth weight (VLBW) infants Garg et al. 8 showed an association between increasing mean blood glucose levels and severe retinopathy of prematurity (ROP), using logistic regression analysis and multiple regression analysis. Ertl et al. 9 found a significant relationship between hyperglycemia and ROP in 201 VLBW infants using logistic regression analysis; however, this relationship did not reach statistical significance in the subset of 63 ELBW infants.
In adults and children, hyperglycemia is a risk factor of mortality for patients with various medical or surgical conditions. [10] [11] [12] In two large randomized trials, respectively in a surgical and in a medical ICU, Van Den Berghe et al. 13, 14 showed that intensive continuous insulin infusion to limit glucose concentration below 110 mg/dl (6.1 mM/l) versus below 215 mg/dl (12 mM/l) reduced morbidity; it also reduced mortality in the surgical ICU trial. A laboratory study manipulating insulin and glucose independently showed that the observed benefits of intensive insulin therapy required maintenance of normoglycemia. 15 Both studies in this issue of Journal of Perinatology 4,5 found a strong association between hyperglycemia and low gestational age, whereas the association between hyperglycemia and low birth weight was either less strong 4 or not significant. 5 Kao et al. 4 found a significant association between their primary outcome variable, that is, a composite outcome of either mortality or late-onset culture-proven infection (odds ratio (OR) 5.07, 95% confidence interval (CI) 1.06 to 24.3) and early (the first 3 days) severe hyperglycemia (defined as mean morning glucose equal to or greater than 180 mg/dl) after adjusting for gestational age. They also found an association of hyperglycemia (both severe early and persistent) with NEC stage II/III (OR 9.49, 95% CI 1.52 to 59.3) after adjusting for age and male gender, and an association of mortality with early (OR 15.7, 95% CI 3.74 to 65.9) or persistent (OR 30.4, 95% CI 3.37 to 274) severe hyperglycemia. Kao et al. 4 found no significant association of hyperglycemia with total number of days of mechanical ventilation among survivors and length of stay for survivors not transferred to another facility. Blanco et al. 5 after adjusting for gestational age, birth weight, postnatal steroids and sepsis, showed an inverse association between hyperglycemia and chorioamnionitis (OR 0.10, 95% CI 0.01 -0.64). Blanco et al. 5 also found an association between hyperglycemia and ROP (OR 4.6, 95% CI 1.1-8.9). There was no association between hyperglycemia and birth weight, sepsis, death, prolonged hospital stay, bronchopulmonary dysplasia, intraventricular hemorrhage or postnatal steroid exposure. Lack of association of hyperglycemia with postnatal steroid exposure most likely results from the current trend in reducing the doses of postnatal steroids in preterm infants. As these two studies used different populations, different definitions of hyperglycemia, different variables and different strategies to combine variables in their analyses, it is not surprising that they reached different conclusions. Although the authors wisely selected a strategy designed to limit the number of variables, the relatively small sample size could have limited the power of detecting small differences in specific variables.
The retrospective nature of both studies only allowed the authors to test associations. These studies raise additional hypotheses, but do not demonstrate causality. Kao et al. 4 analyzed outcomes of mortality and infection based on the degree of hyperglycemia and its duration in ELBW infants. Blanco et al.
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analyzed factors that could be conceived as causal for hyperglycemia separate from those that could be conceived as secondary to hyperglycemia. Whether the association of hyperglycemia with mortality or sepsis and whether the association of hyperglycemia with ROP is causal remain to be assessed by a randomized trial. As tight glucose control is crucial in limiting serum levels of vascular endothelial growth factor (VEGF) 16 and progression of diabetic retinopathy, 17 it is plausible that hyperglycemia might contribute to ROP. However, acute intensive insulin therapy may exacerbate diabetic retinopathy by increasing blood-retinal barrier breakdown via hypoxia-inducible factor 1-a and VEGF. 18 Future researchers may use the information from these two studies in this issue of Journal of Perinatology, especially factors reaching significance, for designing a multicenter observational or randomized trial. A randomized trial would be needed to assess whether treatment of hyperglycemia may affect short-term outcomes in the most immature infants as well as long-term growth, ROP and neurodevelopmental outcome. So far, only a single small randomized trial 19 has assessed the effects of insulin therapy on neonatal hyperglycemia. In this study, ELBW infants with hyperglycemia defined as a single blood sugar concentration >240 mg/dl or repeated blood sugars >160 mg/dl for at least 4 h were randomized to insulin versus glucose reduction. The 12 patients randomized to insulin received more calories than the 11 receiving reduced glucose intake and received a caloric intake <60 kcal/kg/day for 8.6±1.3 days, compared with 5.5±0.6 days in controls. Several nutritional studies have shown the benefit of early postnatal nutrition, including enough glucose intake to meet glucose needs, 20 on long-term growth. Insulin infusion has been used safely, allowing hyperglycemic infants to achieve adequate caloric intake similar to euglycemic infants. 21 Therefore, limiting glucose intake below standard dose of 4 to 7 mg/kg/min is not recommended. The current literature supports the initiation of a randomized controlled trial in extremely preterm infants with mild-to-moderate hyperglycemia assessing the effects of insulin infusion on important outcomes, including those assessed in Kao 
